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In recent years, optical character recognition has attracted scientists and researchers. 
Latin, Chinese, Korean and Thai characters have been researched more thoroughly than 
Arabic characters. The research has concentrated firstly on printed and typeset 
characters until acceptable recognition accuracy has been achieved. Nowadays, most of 
the researches have gone towards handwritten character recognition.  
 
Arabic text is cursive as characters in a sub-word are connected to each other. This 
makes the recognition process more complex and a segmentation procedure is required 
to separate the connected characters from each other before they can be recognized. 
Features extracted have to be chosen carefully since it has a very important role in the 
segmentation and recognition process. The recognition accuracy mostly depends on the 
classifier applied and the segmentation procedure. In this research work, a framework 
for recognizing the Arabic handwriting is presented. Two approaches have been 
proposed. The first approach has been designed to recognize the word as a whole to fit 
applications such as sorting postal mails and bank checks where the number of words or 
digits that need to be recognized is limited. The words may include country and city 
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names written on postal mails, or some reserved words or amounts used on bank checks. 
The second approach represents the general case where any type of documents or 
handwritten text can be recognized by this approach.  
 
In both approaches, a preprocessing stage including image enhancement and 
normalization. The most significant features are extracted by implementing the Principal 
Components Analysis. A new segmentation-based approach is designed and 
implemented for the second approach to segment the text into characters, while no or 
simple segmentation procedure is performed in the first approach. The recognition step 
is performed by applying the nearest neighbor algorithm. Four different distance 
measures are used with the nearest neighbor, the first norm, second norm (Euclidean), 
and two new norms proposed called ENorm, EEuclidean. The two new norms proposed 
(ENorm, EEuclidean) are derived from the first and second norm respectively. The 
recognition accuracy is enhanced by using the two new norms proposed. 
 
The approaches have been tested as well, and a number of experiments have been 
discussed more thoroughly. The first approach is experimented by four datasets, which 
are sub-words containing two characters, sub-words containing three characters, Latin 
letters and Hindi digits which are used with Arabic language nowadays. The recognition 
accuracy is the attribute used for measurement, and an 8-fold cross validation technique 
is used to test this attribute. The average recognition accuracy is 94.8% for the digits, 
78% for the three-character sub-words, 77% for the two-character sub-words and 67% 
for Latin letters. The second approach has achieved recognition accuracy of 73% 
without detecting dots and 77% with dot detection. 
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Dalam beberapa tahun kebelakangan ini, pengecaman aksara optik telah menarik minat 
para saintis dan penyelidik. Aksara Latin, Cina, Korea dan Thai telah dikaji dengan 
lebih mendalam berbanding aksara Arab. Penyelidikan lebih menumpukan kepada 
aksara cetakan dan set taip, sehinggalah penerimaan ketepatan pengecaman telah 
diperolehi.  Kini, kebanyakan penyelidikan telah menjurus ke arah pengecaman aksara 
bertulisan tangan. 
 
Teks bahasa Arab merupakan aksara kursif di dalam sub-perkataan yang berhubungan 
antara satu sama lain.  Ini menyebabkan proses pengecaman semakin rumit dan prosedur 
segmentasi diperlukan untuk mengasingkan atau memisahkan karakter-karakter yang 
berhubungan antara satu sama lain sebelum dicam.  Fitur yang diekstrak perlulah dipilih 
dengan teliti disebabkan peranan yang penting dalam proses segmentasi dan 
pengecaman.  Ketepatan pengecaman bersandar kepada pengkelasan yang diaplikasikan 
dan prosedur pengecaman.  Dalam kajian ini, satu rangka kerja untuk mengecam 
penulisan tangan bagi aksara Arab dipersembahkan. Dua pendekatan telah dicadangkan. 
Pendekatan pertama telah direkabentuk untuk kesesuaian aplikasi seperti pengisihan 
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surat yang dihantar dan juga cek bank, di mana jumlah perkataan atau nombor yang 
memerlukan pengecaman adalah terhad. Perkataan tersebut merangkumi nama negara 
dan bandar seperti yang tertulis di alamat surat, atau beberapa perkataan yang dikhaskan 
ataupun amaun yang digunakan untuk cek bank. Pendekatan kedua pula mewakili kes 
umum di mana apa jua bentuk dokumen atau teks bertulisan tangan boleh dicam 
menerusi pendekatan ini.   
  
Dalam kedua-dua pendekatan, langkah pra-pemprosesan merangkumi penambahbaikan 
imej dan penormalan. Fitur yang paling signifikan diekstrak dengan mengimplementasi 
Analisis Komponen Utama.  Pendekatan baharu berasaskan pensegmenan direkabentuk 
dan diimplementasi untuk pendekatan kedua bagi membahagikan teks kepada aksara, 
yang mana tidak ada atau pun hanya prosedur pensegmenan yang mudah sahaja 
dilakukan dalam pendekatan pertama.  Langkah pengecaman dilaksanakan dengan 
mengaplikasikan algorithma jiran terdekat.  Empat pengukuran jarak yang berbeza 
digunakan bersama jiran terdekat, norm pertama, norm (Euclidean) kedua, dan dua norm 
baharu yang dicadangkan dengan panggilan ENorm, EEuclidean.  Dua norm baharu 
(ENorm, EEuclidean) yang dicadangkan diterbitkan daripada norm pertama dan kedua 
masing-masing.  Kejituan pengecaman ditambahbaikkan dengan menggunakan dua 
norm baharu yang dicadangkan. 
 
Pendekatan-pendekatan ini telah diuji, dan beberapa eksperimen telah dibincangkan 
dengan mendalam. Pendekatan pertama telah diuji dengan tiga set data, iaitu sub-
perkataan yang mengandungi dua aksara dan tiga aksara serta digit Hindi yang 
digunakan dalam bahasa Arab kini. Ketepatan pengecaman merupakan atribut yang 
digunakan untuk pengukuran, dan teknik pengesahan silang 8-lipatan digunakan untuk 
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menguji atribut ini. Purata ketepatan pengecaman adalah 94.8% bagi digit, 78% bagi 
sub-perkataan tiga aksara dan 77% bagi sub-perkataan dua aksara. Pendekatan kedua 
pula mencapai ketepatan pengecaman dengan 73% tanpa pengesanan titik dan 77% 
dengan pengesanan titik. 
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CHAPTER 1 
 
INTRODUCTION 
 
 
1.1 Background 
 
Automatic recognition of text has been found since the early days of computer 
invention. Optical character recognition (OCR) machines have been commercially 
available since early 1950s (Mori et al., 1992). Initially the recognition process has been 
performed on isolated characters, but nowadays methods are used to recognize the entire 
documents. Before, the recognition research has been limited to recognizing machine 
printed characters, but nowadays the research comprises of handwritten text. Despite the 
age of the subject, it remains one of the most challenging and exciting areas of research 
(Srihari and Ball, 2007). 
 
Handwritten character recognition is one of the challenging fields for research. It can be 
defined as the task of transforming text represented in the spatial form of graphical 
marks into its symbolic representation. Handwritten character recognition is applied in 
several types of fields, such as making digital copies of handwritten documents, sorting 
mail in a post office (Dzuba et al., 1997), check processing and office automation 
(Dimauro et al, 2002). 
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Handwritten character recognition is categorized based on the method of acquiring data 
into two types: on-line and off-line (Khorsheed, 2003). In on-line, the symbols are 
recognized as they are drawn (Klassen and Heywood, 2002). The most common device 
used for acquiring data is the digital tablet with a stylus pen as data is captured in x  and 
y coordinates as a function of time. In off-line, the recognition is performed after 
writing or printing is completed, as the recognition of text is in a form of an image. Off-
line is considered as the most general case (Khorsheed, 2002). Data is acquired by the 
computer through an optical device such as a scanner or a camera. This thesis deals with 
off-line handwritten recognition. 
 
Several language characters have been researched, such as Latin, Chinese, Japanese 
(Amin, 1997), Korean (Jin-Soo Lee et al., 1999), Tamil (Suresh and Ganesan, 2005) and 
Thai (Pornchaikajornsak and Thammano, 2003). In this thesis, the concentration is on 
the recognition of Arabic characters.  
 
This chapter elaborates on the research motivation, the problem statement, the 
objectives, the scope, the research methodology, contributions of the research and 
organization of the thesis. 
 
1.2 Research Motivation  
 
Character recognition is one of the important and significant fields of research, 
especially when considering that its goal is to simulate the human reading capabilities. 
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This will make it possible to enter text documents or manuscripts to the computer 
automatically, which can improve the interaction between man and machine in several 
applications such as sorting mail (Farah et al., 2006), as it is able to read the address 
written on the envelope and organize it according to its location of destination. 
Processing checks in banks automatically is also one of the important applications as the 
number of checks that circulate daily is becoming enormous to process manually (Rafael 
and Amar, 2006). Several databases are originally available on papers and now 
converted to an electronic media, such as various government division application forms 
and transactions, products specifications, several types of manuals, various archives of 
different knowledge divisions, the existence of the World Wide Web and online services 
emphasize the necessity of having automatic text documents (Yaseen et al., 2001). 
 
Latin, Chinese, Japanese, Korean and Thai (Lorigo and Govindaraju, 2006) are 
researched more thoroughly, but recently some researches are conducted on Arabic 
characters, though not as much as other language scripts because of the cursiveness of 
Arabic language.  
 
Arabic handwritten character recognition is a challenging task as Arabic is spoken by 
more than 230 million people (Ethnologue, 2000) as their native language, and used by 
over one billion as several religion related activities. Some researches have been done 
for recognizing handwritten Arabic characters, despite that still more researches are 
needed to achieve its ultimate goal which is the ability to read characters as good as the 
human being. Also, automatic reading of handwritten text will help in reducing the 
processing time, and a greater amount of work will be executed in a limited time. 
